Carbon sequestration in wood products, in Portugal, was estimated for the 1990-2000, using two accounting approaches: the stock-change approach and the atmospheric-flow approach. The results obtained with the two approaches indicate that wood products were a net sink of carbon throughout the studied period. A sensitivity analysis was also performed, showing that the results are significantly affected by the parameters related with the lifetime of the wood products (annual decay rates and fractions allocated to longlived products), the carbon fraction in paper and paperboard and the biomass conversion factor of sawnwood and wood-based panels.
INTRODUCTION
The products manufactured by the forest industries have an important role in the carbon cycle of the forest sector. Carbon accumulates in forest ecosystems through the absorption of atmospheric carbon dioxide and its assimilation into biomass. Part of this carbon is transferred to the wood products, which may remain in use for decades to centuries, storing considerable amounts of carbon (IPCC, 2000) . Furthermore, the total lifetime of wood products may be extended if they are disposed off in landfills, where they are only partially decomposed, forming a permanent carbon sink (Micales and Skog, 1997).
The current methodology used in the preparation of national greenhouse gas inventories under the United Nations Framework Convention on Climate Change, the Revised 1996 IPCC (Intergovernmental Panel on Climate Change) Guidelines (IPCC, 1996a, b, c) , excludes the carbon sink provided by wood products. In recent years, alternative approaches for accounting carbon in wood products have been proposed . The approaches differ in the way carbon emissions from traded wood products are allocated to consuming and producing countries.
The aim of this study is to provide an estimation of carbon sequestration in wood products in Portugal, between 1990 and 2000.
METHODOLOGY
Two of the approaches suggested by Brown et al. (1998) to account for carbon in wood products were used in this study: the stock-change approach and the atmospheric-flow approach. In the stock-change approach, carbon sequestration is estimated as the sum of the change in carbon stocks in forest and the change in carbon stocks in wood products consumed in the country. In the atmospheric-flow approach, carbon sequestration is equal to that estimated by the stock-change approach, plus the net export of carbon in wood and wood products (as demonstrated by Flusgrud et al. (2001) ). The change in carbon stocks in the forest ecosystem, which is similar in both approaches, was excluded from this analysis.
The change in carbon stocks in wood products was calculated as the difference between carbon contained in wood products consumed in the reference year, not decaying in that year, and inherited emissions from wood products consumed in previous years.
The consumption of wood products and the net export term in the atmospheric-flow approach, were derived from the FAO database (FAO, 2003) , which provides data, since 1961, for production, import and export of roundwood and semi-finished wood products (sawnwood, wood-based panels, and paper and paperboard). Conversion factors provided by Winjum et al. (1998) were used to convert the volumes of roundwood, sawnwood and woodbased panels to dry mass. A carbon fraction of 0.5 in the dry mass was considered for wood and wood products.
Wood products were divided into two groups according to their lifetimes. Short-lived products have a lifetime lower than five years and were assumed to decay immediately. Long-lived products were assumed to decay at a constant decay rate established for each product category. The fraction of long-lived products and the annual decay rate for each product category used in this study were taken from Winjum et al. (1998) for temperate regions. These parameters take into account not only the use period of the wood products, but also the waste period in landfills.
A sensitivity analysis was carried out, allowing the conversion factors, the carbon fraction, the fraction of long-lived products and the annual decay rate to vary within realistic, or in some cases, probable ranges. Thus, maximum and minimum values were selected for the different parameters and were combined in order to obtain maximum and minimum estimates of the carbon sequestration in wood products.
RESULTS AND DISCUSSION
The results provided by the two accounting approaches indicate that wood products were a net sink of carbon in Portugal between 1990 and 2000 (Figure 1 ). Carbon sequestration in wood products calculated by the stock-change approach has been increasing from 1990 to 2000, whereas the estimates of carbon sequestration by the atmospheric-flow approach do not show the same trend, since they depend not only on the stocks of wood products but also on their import and export. The estimates of carbon sequestration with the atmospheric-flow approach were higher than those obtained with the stock-change approach, from 1990 to 1996, as a result of a net export of carbon, mainly as sawnwood and wood-based panels.
After 1997, Portugal was a net importer of carbon, since the import of carbon in roundwood exceeds the export of carbon in wood products.
The sink provided by the wood products is approximately of the same magnitude, or even higher, of that estimated for the forest ecosystem in the Portuguese greenhouse gas inventories (Ferreira et al., 2003) . 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Years Carbon sequestration (Gg C yr The results of the sensitivity analysis are shown in Figures 2 and 3 . Even in the minimum estimate of the stock-change approach, wood products were still a carbon sink. In the minimum estimate of the atmospheric-flow approach, wood products behave like a small sink after 1995, and they become into a source in 1998. The most influential parameters in the sensitivity analysis were the annual decay rate of wood products, the fraction allocated to long-lived products, the carbon fraction in paper and paperboard and the biomass conversion factor of sawnwood and wood-based panels. The sensitivity analysis demonstrated that the results are significantly affected by the parameters related with the lifetime of the wood products (annual decay rates and fractions allocated to long-lived products), the carbon fraction in paper and paperboard and the biomass conversion factor of sawnwood and wood-based panels.
